Vitamin D deficiency health threats are evident since a century. It has been established as a potential risk for several diseases including rickets, growth retardation, muscle weakness, skeletal deformities, hypocalcemia, tetany and seizures in children,[@ref1] as well as osteomalacia and hip fractures in adults.[@ref2] Over the past decade, more vitamin D deficiency threats were identified, as it has been associated with non-musculoskeletal chronic diseases, such as cardiovascular diseases[@ref3],[@ref4] and diabetes mellitus.[@ref5],[@ref6] Nowadays, vitamin D deficiency became a global pandemic with over one billion people affected in all age groups and both genders.[@ref7] Furthermore, vitamin D deficiency was found to be a potential contributing cause of death in patients with cardiovascular diseases, cancers.[@ref8] Prevention and early diagnosis and treatment of vitamin D deficiency are identified as key tools to reduce its health burden and promote health notably in the elderly.[@ref9]

In Saudi Arabia, few studies pointed out to vitamin D deficiency as a potential menace in the country. In Jeddah, the second largest city of the country located in the Western region, a prevalence of approximately 80% was reported in men and was related to obesity, low sun exposure, inadequate vitamin D supplementation, high waist-to-hip ratio, and older age.[@ref10] Similar prevalence was reported among school-aged girls notably those who consumed fewer dairy products and had a lower level of sun exposure.[@ref11] These results were confirmed in individuals who came for routine checkups before blood donation at a hospital in the Eastern region,[@ref12] it was equally detected in men and women and was not attributed to inadequate exposure to sunlight or inadequate intake of dairy products. Furthermore, vitamin D deficiency prevalence of 27-37% in healthy Saudi men was reported in a hospital-based survey in the Eastern region of the country.[@ref13]

In Riyadh, the capital of the country located in the Central region, 29% of 2 mall visitors were reported to have vitamin D deficiency which was more common among females and anemic individuals.[@ref14] Furthermore, a recent study reported a prevalence of vitamin D deficiency of 90% in healthy term neonates born to healthy women which was not related to maternal levels of sun exposure or maternal consumption of foods rich in vitamin D.[@ref15] This controversy in the results may be attributed to the difference in the cut-off points used to diagnose vitamin D deficiency, or the difference in the study design and target population. The studies had small sample sizes and were confined to a specific geographical region.[@ref10]-[@ref15] Despite that these studies provided useful insights, yet the accuracy and generalizability of the findings are questionable.

Nevertheless, the potential risk of vitamin D deficiency in Saudi Arabia cannot be neglected. There is a need for identifying the magnitude of the condition in the population. Thus, the objectives of this study were to measure the prevalence of vitamin D deficiency in the country, unveil the related life style and nutritional habits and status, as well as identify the potential risk factors. The study targeted a large sample from different regions in the country and considered all population subgroups to provide more accurate estimates. The addition of children to the study is an asset to estimate the prevalence of vitamin D deficiency early in life. The results of this study will help in alerting the health system to vitamin D threat.

Methods {#sec1-2}
=======

A school-based cross-sectional study was conducted in 3 regions of Saudi Arabia between January 2013 and December 2014. As the study aimed to assess the vitamin D deficiency threat in the country, a sample of the population was required, thus school-based survey was found to be a relevant approach to reach all age groups. Saudi school students in all levels were targeted to detect the burden of such condition early in life. Saudi school employees were a second target as they can provide an estimate of the vitamin D deficiency later in life. Furthermore, studying the status of school employees may throw light on the needs to build potent community awareness programs to promote health and halt the vitamin D deficiency threat in the Kingdom.

Sample size {#sec2-1}
-----------

The following formula was used to determine the sample size of the target population. Minimum required sample size = *D \[Z^2^~1-a~ x p x (1-p)\]d^2^* Where:

D= design effect of 2 was used to account for increased variance due to the cluster sampling technique

Z~1-a~= the z-score corresponding to the desired confidence level of the estimate. A 95% confidence level (95%CI) was chosen, corresponding to Z~1-a~= 1.96.

p = the expected vitamin D prevalence. It was decided to test the hypothesis that vitamin D deficiency prevalence in adults is 80% according to prior data from Saudi Arabia for adults.[@ref10] However, there is no accurate prevalence of vitamin D deficiency in children, thus a prevalence of 50% was considered for school students.

d = degree of precision 5% was chosen.

The application of the above formula yields a sample size of 768 children and 492 adults in each region to participate in the study. It was expected that up to 20% of the sampled students themselves, or their parents/guardians, as well as approximately 10% of sampled employees may refuse to participate in the survey. In order to deal with this problem, the sample was inflated by 20% for students and 10% for employees. Thus, a minimum of 922 students and 541 employees from each region was considered with a total of 2,766 students and 1,623 employees to allow for assessing the prevalence of vitamin D deficiency in each region. However, we were able to recruit 4,035 students and 2,104 employees from the Central, Western, and Eastern regions of Saudi Arabia (**[Table 1](#T1){ref-type="table"}**).
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Calculated and achieved sample size of Saudi school students and employees.
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Sampling technique {#sec2-2}
------------------

A multi-stage sampling technique was used to select participants. The sample was drawn from Central, Western, and Eastern geographical regions of Saudi Arabia. Owing to the limited resources, the southern and northern regions were not included in the study. A sampling frame was prepared for each region including all cities with a population greater than 500,000 inhabitants according to the last population census in 2006. Then, from each city, a number of schools were randomly selected. This number was proportional to the population living in the city. In each school, one class from each educational level (primary, intermediate and secondary schools) was randomly selected, and all students in the class were included in the study. Furthermore, all school employees of the selected schools, including teachers, administrators and other workers, were included in the study.

Individuals with renal, liver or gastrointestinal disease and those receiving any form of drug treatment that could possibly affect bone metabolism (for example, calcitonin, corticosteroids, anticonvulsants, or thyroid hormones) were excluded from the study.

Data collection {#sec2-3}
---------------

A standardized and pre-tested questionnaire was used to collect data about background characteristics including age, gender, skin color, school level for students and type of work for employees. As it is difficult to measure the economic level using income, the type of residence was chosen as a measure of the economic status. Participants were classified into low income (those living in primitive houses), intermediate income (those living in apartments), and high income (those living in villas). Participants were also asked about their life style (exposure to sun, physical activity, and smoking habits), as well as their nutritional habits (intake of multivitamins, intake of omega 3, type of milk products consumed, and carbonated soft drink consumption).

The nutritional status was assessed by direct measurement. Body weight to the nearest 0.1kg was measured using a standard beam balance, and body height to the nearest 1mm was measured using a Harpenden stadiometer (Holtain, Crosswell, UK). Body mass index (BMI) was calculated as the weight (kilograms) divided by height squared (square meters). Body mass index was further classified into normal weight (\<25 kg/m^2^), overweight (\>25-30 kg/m^2^), and obesity (\>30 kg/m^2^).

To assess vitamin D serum level, 5 ml of blood was collected from each individual as clotted sample and was kept on ice until centrifugation on the same day. Serum was kept in aliquots at -20°C until analysis. Serum levels of 25-hydroxyvitamin D were measured using chemiluminescent immunoassay (Liaison 25 0H Vitamin D Total Assay; DiaSorin, Stillwater, MN, USA). This analysis method measures the total vitamin D in the range of 10-375 nmol/L. The sensitivity of the assay is \<10 nmol/l and the intra- and inter-assay coefficients of variation were 5% for the intra-assay and 10.4% for the inter-assay. We adopted the Institute of Medicine cutoff points for vitamin D levels[@ref16],[@ref17] classifying serum levels into sufficient (50-125 nmol/L), insufficient (25-50 nmol/L), deficient (\<25 nmol/L), and toxic (\>250 nmol/l).

Data analysis {#sec2-4}
-------------

To describe the study population and vitamin D serum level, we used frequencies and proportions for the qualitative variables, as well as means and standard deviations (SD) for the quantitative variables. Significant differences in proportions of vitamin D deficiency in various population subgroups were assessed using Chi-square test. Logistic regression analysis was used to calculate the adjusted odds ratio (OR) to detect the potential risk factors in students and employees. The dependent variable was vitamin D deficiency (0=no, 1=yes). The independent variables were background characteristics, life style, and nutritional habits and status. A *p*-value of \<0.05 was defined as the level of significance. We used Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA), version 21 for data analysis.

Ethical considerations {#sec2-5}
----------------------

This study was approved by the Institutional Review Board, King Abdullah International Medical Research Center and the Ethical Committee of King Abdulaziz Medical City in the Western Region. The study was anonymous and conducted in a private place. All collected data were kept confidential. Participants were informed on the risks and benefits and their right not to provide information, or to withdraw from the study at any time without any sort of penalty. An informed consent was obtained from school employees and parents/guardians of students. An informed consent was obtained from all students.

Results {#sec1-3}
=======

As shown in **[Table 2](#T2){ref-type="table"}**, 4,035 Saudi school students were enrolled in the study with almost equal proportion of males (50.4%) and females (49.6%). Their ages ranged from 6-19 years of age (mean=14.7, SD= 2.7). Mostly (62.2%) had light brown skin color, approximately one-third had white skin color and very few (5.6%) had dark brown, or black skin color. Approximately one-third were from the primary school, and the rest were equally distributed between the intermediate and secondary school. Furthermore, approximately 50% were of high economic level, 40.4% were of intermediate economic level, and 9.2% were of low economic level.

###### 

Background characteristics of Saudi school students and employees.
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As for the Saudi school employees, 2,104 were recruited from the 3 geographic regions with 50.9% males and 49.1% females. Their ages ranged from 20-62 years of age (mean=38.1, SD= 7.6). Mostly (66.7%) had light brown skin color, 27.6% had white skin color and 5.7% had dark brown, or black skin color. Furthermore, 81.4% were teachers and 18.6% were other school staff. Approximately 45.1% were of high economic class, 47.3% were of intermediate economic level and only 7.6% were of low economic level (**[Table 2](#T2){ref-type="table"}**).

**[Table 3](#T3){ref-type="table"}** shows the vitamin D level, life style, nutritional habits, and status among Saudi school students and employees. Given the sensitivity of reporting smoking habits notable in students and females, the credibility of such information is questionable and thus was not considered in further analysis.

###### 

Vitamin D level, life style, nutritional habits and status among Saudi school students and employees.
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**[Table 4](#T4){ref-type="table"}** summarized the vitamin D deficiency among the various population subgroups. School students living in the Eastern region had the highest proportion of vitamin D deficiency than from the Central region and the Western region. The proportion of vitamin D deficiency in female students was significantly more than double the prevalence in male students (69.2% in female students versus 30.1% in male students). A significant positive relationship between age and vitamin D deficiency was observed with the highest proportion in 15-19 years age group. Low income students had significantly higher prevalence of vitamin D deficiency than the intermediate and the high economic level students. Daily exposure to sun for at least 20 minutes, being physically active, intake of full fat milk products, not drinking carbonated soft drink and taking multivitamin supplements appeared to significantly decrease the risk of vitamin D deficiency in students. Vitamin D deficiency was significantly higher with the increase in BMI, where the obese had prevalence of 60.2% as compared to 54.2% in the overweight and 47.4% in the normal weight students. However, there was no significant difference in the prevalence of vitamin D deficiency in school students by skin color and taking omega 3 supplements,

###### 

Prevalence of vitamin D deficiency among Saudi school students and employees by background characteristics, life style and nutritional habits and status.
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In school employees (**[Table 4](#T4){ref-type="table"}**), the proportion of vitamin D deficiency was significantly higher among participants living in the Eastern region as compared to the Central region and being least in the Western region. The proportion of vitamin D deficiency in females was significantly higher the prevalence in males. Those of 30 years and over had significantly higher prevalence of vitamin D deficiency than younger age group. Daily exposure to sun for at least 20 minutes, being physically active, not drinking carbonated soft drink and taking multivitamin supplements had lower risk of vitamin D deficiency. Vitamin D deficiency was significantly higher with the increase in BMI, where the obese had a vitamin D deficiency as compared to the overweight and the normal weight. Unlike school students, those with dark skin color and those not taking omega 3 supplements appeared to be at higher risk of vitamin D deficiency. Moreover, there was no significant difference in the prevalence of vitamin D deficiency by the type of milk products consumed among school employees

By controlling for the effect of other variables, the results of the logistic regression analysis in students (**[Table 5](#T5){ref-type="table"}**) have shown that those living in the Eastern region were approximately 3 times more at risk to suffer from vitamin D deficiency than the other regions. Female students are 4 folds more at risk to develop vitamin D deficiency than males. The risk of vitamin D deficiency increased with age, those in the 15-19 age group were 5 times more at risk than the younger age groups. Furthermore, low economic class students were at double risk of acquiring vitamin D deficiency than the well-off. In addition, the obese were at higher risk of acquiring vitamin D deficiency than the non-obese and those taking omega 3 supplements were at higher risk than those taking such supplements. However, the skin color, exposure to sun, physical activity, type of milk products, carbonated soft drink consumption and intake of omega 3 supplements did not significantly affect vitamin D deficiency.

###### 

Factors associated with vitamin D deficiency in Saudi school students and employees, results of logistic regression analysis.
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For school employees, the results of the logistic regression analysis (**[Table 5](#T5){ref-type="table"}**) have shown that still those living in the Eastern region were 3 times more at risk to suffer from vitamin D deficiency than the other regions. Female employees are at around double risk to develop vitamin D deficiency than males. Furthermore, intermediate economic level employees were at more risk of acquiring vitamin D deficiency than the other levels. Unlike school students, employees who drank carbonated soft drink were at more risk of acquiring vitamin D deficiency than those who did not take carbonated soft drink. Those who did not take multivitamin supplements were at 1.5 more risk to develop vitamin D deficiency than those who reported multivitamin intake. However, the age, skin color, exposure to sun, physical activity, type of milk products, intake of omega 3 supplements and BMI did not increase the risk.

Discussion {#sec1-4}
==========

Our results have shown that vitamin D deficiency is a health threat in Saudi Arabia with approximately half of Saudi school students and 44% of Saudi school employees affected in the Central, Western and Eastern regions, in addition, to other similar proportions suffering from vitamin D insufficiency in both target groups. The prevalence of vitamin D deficiency and insufficiency in our study confirm previous studies conducted in the country.[@ref10]-[@ref12]

The vitamin D threat appears to start early in life as approximately one-third of children between 6-9 years old had vitamin D deficiency and the problem increases with the increase in age as previously reported.[@ref18] In our study, only 10.9% of 20-62 year-old school employees had sufficient vitamin D levels and this proportion was reduced to 4.6% in 6-19 year-old school students. This is an indication that in case of in action to address the vitamin D deficiency threat, there is a potential exacerbation of this condition in the growing generations. Inequalities in vitamin D deficiency were encountered between regions, gender, skin color, and economic class. Our study has confirmed the existence of within-country regional variations in vitamin D levels.[@ref19],[@ref20] Vitamin D deficiency was found to be more pronounced in the Eastern region of the country, where the prevalence reached up to 61.6% being around 3 folds higher than in the Central and Western regions. Previously, the studies failed to attribute the detected higher prevalence of vitamin D deficiency in the Eastern region to inadequate sun exposure or sub-optimal intake of dairy products.[@ref12] One possible reason for the high rates of vitamin D deficiency in the Eastern region was postulated to be attributed to the high level of air pollution in this region,[@ref21] as air pollution reduces skin exposure to ultraviolet rays.

Our results have also confirmed the gender differences in vitamin D deficiency.[@ref22] Despite that some studies in the region did not find an association between clothing habits and vitamin D deficiency,[@ref23],[@ref24] others postulated that the conservative culture and concealed clothing style of females in the region were potential causes of low rates of sun exposure and high rates of vitamin D deficiency.[@ref13],[@ref25],[@ref26] Approximately two-thirds of students and employees had light brown skin color, approximately a third had white skin color, and very few had either dark brown or black skin color. Vitamin D deficiency was more pronounced among students with light brown complexion and employees with dark brown or black skin color. However, contrary to previous studies,[@ref25],[@ref27] the adjusted OR did not show significant impact of skin color on vitamin D deficiency. As it is difficult to assess the economic status using income categories, as the type of residence was used as an estimate for the economic class. Our results have shown that half of students and 45% of employees are of high economic level while less than 10% can be considered of low economic class. Vitamin D deficiency was more pronounced among low economic level students than the well-off. Our study has confirmed the results of previous work referring to the relation between type of housing and vitamin D deficiency.[@ref28] Low economic class students living in primitive houses were at around double the risk to have vitamin D deficiency than their better off peers. While in employees, vitamin D deficiency was more in the intermediate economic class than in the other 2 economic class categories.

Our results have shown that the potential causes of vitamin D deficiency in Saudi Arabia may be attributed to improper life style, unhealthy nutritional habits, as well as overweight and obesity. Despite that 70% of school students and 54% of school employees reported daily exposure to sun for at least 20 minutes, vitamin D deficiency was diagnosed in 47.6% of students and 37.8% of employees and the adjusted OR failed to show significant differences in vitamin D deficiency by daily sun exposure for at least 20 minutes. Furthermore, only half of the students and around one third of employees reported being physically active. Despite that vitamin D deficiency was less in those who were physically active than in those who were not, yet the adjusted OR did not show significant differences in vitamin D deficiency by physical activity in both target groups. These results confirm previous studies[@ref18],[@ref22] that there may be potential decrease in the risk of vitamin D deficiency by sun exposure and physical activity, yet the life style of Saudi school students and employees is not sufficient to protect them against vitamin D deficiency. This finding might be attributed to the fact that the sunny hot weather in Saudi Arabia, almost all over the year, as well as the clothing style and conservative culture may limit sun exposure and physical activity.

Approximately 34% of students and 47% of employees consume low fat or skimmed milk products. Full fat milk products decreased the risk of vitamin D deficiency only in childhood; however, the adjusted OR did not show significant difference in vitamin D deficiency by the type of milk neither in students nor in employees. This confirms the call for full fat milk products fortified with vitamin D in childhood[@ref25],[@ref27] to prevent vitamin D depletion early in life as their use later on after the condition is established will not help in restoring vitamin D serum level. Approximately 80% of students and 67% of employees consumed carbonated soft drink. The proportion of vitamin D deficiency was higher among those who consumed carbonated soft drink than in those who did not. However, the adjusted odd ratios has shown the negative impact of carbonated soft drink consumption on vitamin D deficiency in employees and not in students. This is an indication to the potential cumulative negative impact of carbonated soft drink on vitamin D serum level, which manifests later in life. Approximately half of students and employees did not take multivitamins. Our results have shown that multivitamin intake has reduced the risk of vitamin D deficiency both in students and employees, yet the results were only significant for employees. This is an indication of the cumulative negative effect of lack of multivitamins, which manifests later in life. Thus, multivitamin intake in childhood may help in preserving vitamin D serum level. Furthermore, only 6.7% of school students and 7.8% of school employees reported taking Omega 3 supplements regularly. Omega 3 intake reduced the risk of vitamin D deficiency in students, yet its impact in protecting against vitamin D deficiency was not apparent in employees. This highlights the need for omega 3 supplement in childhood to protect against vitamin D depletion and their addition cannot remedy the established condition later in life.

Approximately 26% of students and 80% of employees were either overweight or obese. As previously reported,[@ref29]-[@ref32] vitamin D deficiency increased significantly with the increase in BMI in both students and employees with 60% of obese students and half of obese employees suffering from vitamin D deficiency. However, the impact of overweight and obesity on vitamin D deficiency appeared only in students where the obese were at double risk to suffer from vitamin D deficiency. Though the adjusted OR increased with increase in BMI, yet results did not reach statistical significance in employees. This postulates that if the condition is established, weight loss will not help in correcting the vitamin D deficiency later in life.

Study limitations {#sec2-6}
-----------------

Although our study used an objective, valid and reliable measure for BMI and serum vitamin D level, the data on life style and nutritional habits potentially associated with these levels were self-reported. Moreover, we were not able to control for several factors, which may impact vitamin D serum level, among them are the smoking habits and the full nutritional habits pattern. Despite that the negative relation between smoking and vitamin D levels has been detected in several studies,[@ref33]-[@ref36] the credibility of this information was questionable given the sensitivity of reporting such practice notably in school students and females. There is a need for more in-depth research to understand the nutritional pattern and full life style practices in the country that may affect vitamin D serum level. In addition, we included 3 regions in Saudi Arabia, but the Northern and Southern regions were not represented in this study, thus an overall national prevalence of vitamin D deficiency may vary. Lastly, our target population was obtained from a school setting, which might limit the generalizability of our results.

In conclusion, vitamin D deficiency and insufficiency are highly prevalent in the Central, Western, and Eastern regions of Saudi Arabia. The condition starts in childhood and thus action early in life is needed. Females, Eastern region residents, and those in the low economic class need special attention. Inadequate life style and insufficient nutritional habits are prevailing and are potential factors affecting the vitamin D serum level. Some of them need to be controlled early in life to avoid their cumulative negative effect on vitamin D serum level later on. Thus, we recommend a potent health awareness program to promote the lifestyle and improve the nutritional habits. The planning for such program needs further research to describe the current lifestyle and nutritional habits to stress on the correct knowledge and avoid misconceptions. Furthermore, we propose adding vitamin D screening to the national health strategy of the country. There is a need for setting a screening schedule to cover all age groups for early detection and treatment of cases. Lastly, there is a need for further research to detect the burden of vitamin D deficiency on other health conditions in attempt to reduce vitamin D threat and help improve the prognosis of such conditions.
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